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Background

While there has been growing concern over
the last twenty .vears, coupled with intensive
research, about the pathogenic effects of inhaled
ashestos, relatively little attention has been
given to the biological effects of ingested
asbestos, Research workers and public health
offictals have not been unaware of this gap, but
the significance of the respiratory tract as a por-
tal of entry was so obvious and demanded so
much attention that there was some reluctance
to divert any sizeable portion of resources or
manpower to what was apparently the less
pressing guestion,

Early in 1973 fairly extensive pollution of
Lake Superior waters with ashestos from mine
residues was recognized in the vicinity of the
water intake for the city of Duluth, Minn, The
subsequent furor over .possible health conse-
gquences underscored the inadequacy of our
knowledge about the implications of oral intake.
From what we know of the physiology of the
respiratory tract, it was assumed by many that
the appearance of abdominal tumors following
exposure to asbestos dust could be explained by
swallowing of dust carried up the bronchial tree
from deeper lung airways on the mueociliary
“escalator”. On the bagis of this assumption it
seemed only reasonable to suppose that the in-
gestion of asbestos fibers in water or food would
increase the risk of developing similar ab-
dominal tumors. But, it had to be admitted,
direct proof of this conclusion was tenuous.

As an essential step in consolidating our
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knowledge about the risks involved, and in plan-
ning future inquiries to extend that knowledge,
the National Institute of Environmental Health
Sciences of the Department of Health, Educa-
tion and Welfare, in collaboration with the
National Environmental Research Center of the
Environmental Protection Agency, organized a
conference on the Biological Effects of Ingested
Asbestos, which was held in Durham, North
Carolina, November 18—20. 1973. Realizing that
our biological knowledge was at best scanty, and
that an understanding of the physical and
chemical properties of asbestos fibers, as well as
their pathological potential, was necessary to an
analysis of the processes involved, the two agen-
cies, in conjunction with Dr. 1. J. Selikoff, Direc-
tor, Environhmental Sciences Laboratory, Mt.
Sinai Medical School, New York, cast their net
widely and invited geologists, crystallographers
and chemists as well as the usual array of
biomedical scientists to pool their knowledge
and suggest ways of arriving at a better un-
derstanding of the problem. In the search for
relevant information and ideas, particles other
than asbestos were included in the coun-
siderations. It was emphasized that, while
prepared talks would be welcome, considerable
attention would be paid to the discussion and to
the reactions provoked by evidence and ideas ad-
vanced from many different points of view.
Formal papers presented at the conference or
subsequently submitted, commentaries, and ex-
tracts from some less formal presentations, are
included in these proceedings, in an order
paralieling the sequence of this report, which
has been prepared from these snbmissions,
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supplemented by notes made at the time and
transcripts of recordings. The interpretations
and opinions.expressed are, naturally, those of
the reporter, and should not be attributed to the
individual participants. This overview makes no
pretence at summarizing all available
knowledge, but restriets itself to the informa-
tion presented at the conference, with only such
additional material as is necessary to give con-
tinuity and to put the discussions in perspective,
mainly for the interested reader who is not
himself a specialist in the field.

As pointed out by Dr. D. P. Rall, the Director
of NIEHS, there are six parts to any systematic
toxicological inquiry: (1) chemiecal identification
and analysig; (2) the fate of the material in the
environment; (3) the route of exposure for man;
{4) the modes of absorption, distribution,
metabolism and excretion in the organism; (5)
the biological activity of the material; and (6) its
mechanism of action. While this order is not ex-
actly followed, readers will find that all of these
considerations have been- covered in the
proceedings. Somewhat to the organizers' sur-
prise, more studies were in train and more in-
formation was available than had been an-
ticipated. While the material is still far from
making a well-integrated whole, there is
promise of a better understanding of the
significance of ingested asbestos in the not too
distant future.

Biologically Significant Material

The obvious question to be asked concerns the
distribution of ashestos in water and the risk
that biologically significant quantities might be
ingested. This question is, indeed, uppermost in
the minds of many, but like so many obvious
questions, it is far too simplistic to permit a
categorical answer. To most people ashestos is
an entity that should be capable of recognition
and measurement; but to those studying the
material it is far from being one specific sub-
stance. As will be immediately evident from
many of the following papers, the term
“asbestos” covers a wide range of similar but far
from identical minerals. The great proportion of
ashestos material is of the type called chrysaotile,
in which the molecular structure is such that
the ultimate fibril, of which fibers and bundles
of fibers are composed, takes the form of a
minute tube. This material is of fairly uniform
composition and ean be identified fairly easily
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under the electron microseope. 1t approximates
to the general idea of a single entity, Contrasted
with this is the remaining portion of asbestos
minerals, which have a different basic
molecular structure and vary in detailed com-
position, going under the generic name of
“amphiboles”.

Asg will be seen in the paper by Bowes, the
proportions of magnesium, iron, calcium and
other elements in the amphiboles can vary over
a three-dimensional spectrum. Specific names
are given to certain combinations, such as
crocidolite or blue asbestos, anthophyllite,
amosite or the cummingtonite—grunerite series
(the type mainly seen in the Duluth situation),
tremolite—actinolite, and so on until we finally
arrive at tale, which to the lay mind is not usual-
ly thought of in connection with asbestos. As
might be expected, the borderlines between
these various types are the result of geological
vagaries and are somewhat indefinite. The
papers by Rohl and Ross indicate, for example,
the variation from anthophyllite through tremo-
lite to tale in a New York State mine. At the
other end of this confusing array one encounters
the name serpentine, which denotes a very
general class of minerals including chrysotile.
It is clear that geologists and mineralogists
can render valuable service in determining what
class of material a given deposit is likely to
vield and in monitoring the variations as they
are encountered. .

The essential quality that justifies the name
asbestos being given to a particular member of
this class is its fibrous character, the property
of readily breaking up into fine fibers that can
be worked and even spun as such. It is ironic
that this very property which gives the material
its commercial value also makes a meaningful
measurement of its distribution as a .contami-
nant or pollutant uncertain, If the biological ac-
tivity depended simply upon the quantity of
material taken into the body, then one would
need only to measure its concentration hy
weight in the medium (air, water or food}, as
one does for many chemical agents. Urfor-
tunately, this simple relationship does not hold
for asbestos. Considerable attention has to be
paid to the concentration of particles, to the size
distribution of those particles, and even to the
surface area presented by those particles, since
the biological effect is believed to be linked to
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these features rather than to the total mass.
Because of its facility for fragmentation, a given
quantity of asbestos can produce an extremely
wide range of particle sizes and numbers. The
awkward question immediately arises: “What is
a particle?” or more precisely, “what constitutes
a biclogically effective particle?” Here is where
the uncertainty starts.

Mixed up with this uncertainty is another
question, “What is a fiber as opposed to a non-
fibrous particle?” For some, a particle whose
length is three times its mean breadth is a
fiber; others demand as much as a ten to one
ratio. The definition is more than academie,
since some at least of the properties that make
ashestos biologically active are believed to be
assocliated with its fibrous shape. Then there is
the question of fiber size. Some stand by the
doctrine enunciated several years ago that only
fibers whose length lies between 5 and 25 um
are significant, and the current OSHA stan-
dard for air-borne asbestos includes this limi-
tation. (The OSHA method also simply counts
all fibers, which is acceptahle where the great
preponderance is known to be asbestos, but
not where identity is in doubt.) Many, how-
ever, are firmly convineed that it is the sub-
mieroscopic particle that can penetrate cells and
cause damage, although they may be fairly
rapidly degraded, and that these are the ones
that should be measured. Since one large fiber
can break up into a multitude of small fibers, a
resolution of this disagreement is urgently
necessary.

On top of all of this is the nagging thought put
forward by some that perhaps it is not so much
the fiber itself that matters, but rather what it
may carry on its surface or combined with its
molecules. Variability in the inherent content of
metals such as Ca, Mg, and Fe has already been
mentioned. To this must be added variability in
materials such as Ni, Cr, Co, benzo-{a]-pyrene
and other agents suspected of carcinogenicity,
that can readily be adsorbed on the surface and
thus be carried into tissues as the fiber
penetrates.

If one is to make meaningful measurements
of a biologically active substance in a medium
such as water, it is highly desirable that the
measurement be confined to that substance and
not inciude similar but biologically nonsignifi-
cant material. From what has been said,
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however, it is clear that we are far from being
able to do this with precision for asbestos. We
are uncertain about too many aspects that
affect its biological significance: the type of
asbestos, the dimensions of the fiber, the exact
mineral composition of the fiber, and the impor-
tance of materials that might be adsorbed on or
incorporated into it.

We are, therefore, in the unfortunate position
of having to measure the concentration of
biologically significant asbestos in a medium
such as water without being altogether sure of
what should be measured. To cover various
needs, the following information would be
highly desirable: (1) identification and
classification of the various types of asbestos
fiber present in the material being ingested; (2)
distribution of particle size; (3) the total concen-
tration; (4) chemical analysis to determine any
deviations from the basic molecular structure.

The extent to which such comprehensive in-
formation can be obtained in practice depends
upon the quality, reliability, and coverage
provided by the available techniques and also,
most importantly, upon the feasibility of apply-
ing those techniques to a sufficient number of
samples.

Techniques of Identification and Measurement

Several of the contributions, notably those by
Langer, Maggiore, Rohl, Stewart, Eichen, and
Heinrich, discussed the technigues of identifica-
tion and measurement in detail. Not all, unfor-
tunately, have been turned into formal presen-
tations.

The initial step of filtering a known volume of
the medium to be examined, or of an extract
from solids, involves the selection of a pore size
appropriate to the dimensions of the particle to
be retained. Fibers introduce a degree of uncer-
tainty. At the beginning of filtration some fibers
whose diameter (but not length} is smaller than
pore size may be streamlined and pass through
the filter; at later stages, when material has ac-
cumulated on the filter, particles smaller than
pore size may become entangled and retained.
The behavior of a given filter needs to be ascer-
tained by test with material of known dimen-
sions.

The material retained usually includes a
proportion of substances other than asbestos.
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of experimental animals to develop bowel cancer
or mesothelioma after oral feeding of asbestos,
likewise, cannot be taken as indications of safe-
ty for man, so great is the variability of
histological anatomy and susceptibility between
gpecies, and so long the time interval required
for the appearance of tumors after initial ex-
posure. Short-lived animals hardly provide a
fair test. Failure to find asbestos fibers in
tumors of the abdomen also provides no more
than weak negative evidence; carcinogens may
disappear long before the effect of their opera-
tion in the production of a clone of malignant
cell is evident. When we remember, also, the low
exposures to inhaled asbestos that can be fol-
lowed by mesothelioma in man, the significance
of even a few fibers passing across the bowel
wall may be important. How great the risk is
cnly time will tell; but until then it cannot be ig-
nored. An early realistic estimate of risk is
highly desirable. If it is small, then the expen-
diture of considerable resources to effect further
reduction might be questionable. In the mean-
time we can only speculate, and one man’s
judgement of an acceptable risk notoriously
differs from another’s.

Tissue Reactions

The question of whether and to what extent
asbestos fibers pass into or through the gas-
trointestinal wall is of importance only in terms
of the tissue reactions that are likely to be set up
by the fibers after passage. There is salready a
very extensive literature on tissue reactions to
asbestos, but very little of it relates specifically
to the bowel. Most of the work has been done in
connection with the response of lung tissue to
inhaled fibers, or to material injected into the
trachea. Studies have also been made of tissue
reactions following injection into the pleural
and peritoneal cavities, and of applications to
the pleural surface.

Several excellent accounts of such reactions
were presented at the conference and appear as
papers in this issue. Since there is little that is
specific to the gastrointestinal situation, a brief
summary of the highlights will suffice to put
our problem in perspective.

Suzuki provides an excellent set of eleetron
micrographs illustrating the process of
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phagocytosis of asbestos fibers, These support
the idea that the plasma membrane invaginates
with the fiber, and continues to surround and to
separate it from the cytoplasm itself.
Presumably it is this vacuole or phagosome that
serves as a lysosome or into which lysozymes
are secreted. It was clear from the discussion
that some believe that the fiber can actually
pierce the cell membrane. This would be an
academic point, perhaps, did it not affect con-
cepts of the mechanical action of the needlelike
fibers. Davis, for one, considers phagosome for-
mation a further argument against mechanical
penetration of the bowel wall. In any case,
iron—containing particles are found in the
phagocyte in response, presumably, to the
presence of a fiber, and cytoxic effects are also
evident in the cell.

The cytotoxicity of chrysotile fibers in par-
ticular is well brought out by Sehnitzer,
Hayashi, Pott, and Harington. Damage to
macrophages as a result of sueh toxicity is seen
as an essential step in the initiation of
fibrogenesis. The extent to which surface reac-
tions involved in eytotoxicity can be varied is
also indicated by the same authors.

With regard to the fibrogenic mechanism, we
can hardly do better tnan. cite excerpts from
the very clear account given by Harington:

“The death of the macrophage is a prerequisite
to the subsequent fibrogenesis, although the
biochemical steps hetween these two processes
have not yet been worked out. All forms of
ashestos fibers can stimulate the production of
collagen in experimental animals.” . ...
“There is now evidence that the state of the cell
ot tissue culture during experiments may be a
deciding factor as to whether stimulation or in-
hibition of collagen production takes
place.” . ...

“There are three possibilities to consider. (a)
Dead or dying macrophages under appropriate
conditions release a factor which stimulates
fibroblasts to produce coltagen. . . .(b) Dead or
dying macrophages. . .are attended by a rapid-
ly increasing number of fibroblasts making
constant amounts of collagen. . .(¢) A combina-
tion of both...”

“The synthesis and laying down of collagen in
vitro is a complex process which can be
affected hy many variables including the com-
position of the medium, the rate of growth of
the cells, the proportion of collagen synthesiz-
ed that is bound within the cell mat and the
breakdown of collagen itself.”. . ..
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“Fiber diameter has received considerable
attention and seems to play an important part
in deciding how deeply penetration into the
lung can occur. . .and whether some types of
fiber may induce mesothelioma in man or
not, ., .”

Other papers relating to the process of
fibrogenesis are those by Chvapil, Heppleston,
and Holt. The importance of interactive syn-
ergism was pointed out by Holt, who found
fibrosis in routine but not in SPF experimental
animals.

The carcinogenic effect of agbestos fibers is, of
course, very relevant to the concerns of the con-
ference. Two types and locations need to be con-
sidered: epithelioma in the wall of the gas-
trointestinal tract and mesothelioma in the
peritoneum. An increasing incidence of colonic
and reectal cancer, concomitant with a decreas-
ing incidence of gastric cancer, was noted in the
general U.S. population. Statistics compiled by
the American Cancer Society indicate that there
were 43,000 deaths in the U.S. in 1971 from
colonic and rectal cancers. Selikoff predicted
that the incidence of cancer of the lung, of the
breast, and of the colon would be about the same
in the U.S.

Speculation naturally developed on the extent
to which ingested asbestos, even at background
levels, might play a part in the increase in
colonic cancer. The incidence in asbestos
workers is three or four times the expected rate,
but the geographic incidence in the general pop-
ulation does not correspond to apparent ex-
posure. The possible routes by which inhaled
fibers might reach the abdomen were reviewed.
The escalator route followed by swallowing of
the cleared fibers has been mentioned, but
fibers could very well pass more or less directly
from lung tissue to abdominal sites. Techniques
of bowel examination were presented and the
presence of some asbestos fibers in the colonic
wall of experimental animals was mentioned.
But beyond this, no substantial evidence was
provided for the association of the increase of
gastrointestinal cancer with ingestion of
asbestos. Very little was said either about the
production of mesothelioma beyond its
appearance in certain experimental animals
after intraperitoneal injection. _

Theories of carcinogenesis in general and
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possible mechanisms by which asbestos in par-
ticular might act naturally provided much dis-
cussion, A demonstration by Amacher of in-
ereased DNA production in rats after asbestos
ingestion raised the possibility that the fibers
may be provoking increased cell multiplication,
and that this may favor the establishment of a
clone of cells mutated by some other carcinogen.
The exact metallic components of the fiber,
bound or adsorbed, were suggested as etiological
factors. The situation is very confusing. Vostal
reported that, whereas Mn, Zr, and Ti occur
more prominently in amosite, Ni and Cr are in
higher concentrations in chrysotile.

The idea that any fiber is potentially car-
cinogenic had its adherents. Stewart emphasiz-
ed that great species and even strain variability
in carcinogenic susceptibility and appealed for
the use of a wide range of animal types in
testing procedures. The importance of con-
sidering critical combinations of multiple fac-
tros was stressed by Epstein, The importance of
synergism is now widely accepted, but the prac-
tical problem of dealing with multiple factors
remains. It is very difficult to find populations
for epidemiologieal study free from the confoun-
ding factors of smoking, for example.

Research Directions

It is quite evident from the foregoing review
that the conference, as fully expected, raised
more questions than it answered. Its purpose
was to review what was known and to suggest
how the uncertain state of our knowledge about
the effects of ingested asbestos might be
remedied. It served well in exposing the uncer-
tainties, in alerting all concerned to deficiencies
in current investigative techniques, and in
engaging the interest of a wide variety of in-
vestigators. It transpired that there was much
more activity in the field than the convenors had
realized, and many participants learned of work
that was previously unknown to them. As
revealed by the discussion, among the more
urgent items that need to be resolved are: more
precise methods of detecting, identifying,
measuring and counting ashestos fibers in water
and food; standardization of information to be
obtained on asbestos fibers in environmental
media, and automation of the data gathering
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process; sytematic determination of the dis-
tribution of asbestos in water and food; deter-
mination of the extent to which fibers are
modified during long immersion in water; con-
duct of epidemiological surveys in which en-
vironmental information on asbestos is
gathered in conjunction with data on body
burdens, functional disturbances and disease
states; clarification of the extent to which in-
haled ashestos is subsequeritly swallowed and
added to the gastrointestinal burden; resolution
of the relative importance of long and short
fibers 'in the induction of biological responses;
intensive study of the effects of food, gas-
trointestinal motility, and physiological states
on the opportunities for fiber contact with and
passage into the bowel wall; systematic
measurements of the dose/response
relationships in the production of epithelioma
and mesothelioma under natural gas-
trointestinal conditions; continued investigation
of the mechanisms by which fibrosis and
neoplastic changes are produced by asbestos
fibers, having regard to fiber type and composi-
tion.
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In these investigations it was emphasized that
greater attention should be given to theé
following: standardization of techniques and
protocols; cooperative studies by different
groups of investigators; selection of experimen-
tal animals which are histologically and im-
munologically suitable for the response being
studied; coordination of environmental data
with biological effects in the conduet of
epidemiological and surveillance studies.
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